Based on the theory of scale economies, this paper probes the mechanism and measures of adjusting industrial organization structure to promote energy saving and emission reduction. The structural factors and efficiency factors influencing energy consumption per unit of GDP interact with each other. Among which, the interaction between economies of scale and industrial organization structure constitutes the implementation mechanism that industrial organization structure is adjusted to promote energy saving and emission reduction. The empirical study of energy efficiency of some enterprises in the steel industry in China demonstrates the close relationship between energy efficiency and the scale of enterprises. In the end, measures of adjusting the industrial organization structure are put forward to promote energy saving and emission reduction.
Introducti on
With problems of energy wastage and environ mental pollution that are beco ming increasingly serious, how to reduce energy intensity in China is becoming the hot topic of academic research. Energy efficiency improvement and adjustment of industrial structure were studied to reduce the energy intensity. But in the research industrial structures were limited to industrial co mposition and efficiency factors limited to technological progress . Some scholars also studied measures of adjustment of industrial organization structure, Lu Zhengnan [1] ,Jiang Jinhe [2] , Qi Jianguo [3] suggested measures of eliminating backward production capacities and adjusting the scale of enterprises. Wei Chu [4] argued that transregional annexation and reorganizat ion of enterprises within industries should be encouraged to increase industry concentration and produce economies of scale. Cheng Yan et al. [5] suggested the energy consumption standards should be set for every enterprise in various industries, enterprises whose energy consumption were h igher than the maximu m standard or whose declining rate of energy consumption were lower than the min imu m standard should be gradually eliminated in order to improve energy efficiency. Even so, seldom research has been done in regard to the mechanism of adjusting industrial organization structure to promote energy saving and emission reduction, and measures were limited to eliminating backward production capacities in the research.
Influencing factors of energy consumption per unit of GDP and their relationships
We begin with ascertaining the factors influencing energy consumption per unit of GDP in the study. Taking former research as reference, we can div ide the factors in fluencing energy consumption per unit of GDP into two categories --direct factors relating to the process of energy consumption and indirect factors acting through affecting the process of energy consumption. Direct factors include energy intensity of sectors (efficiency factors), the proportion of added value of industries (structural factors), household energy consumption. Efficiency imp rovement co mes fro m technological progress, economies of scale and other causes. Economies of Scale (includ ing Economies of Scale and Agglomeration Economies) refer to benefits coming fro m the decrease of average cost of product with the increasing output, which means that enterprises can reduce production costs and energy consumption through expanding their production scale. Industrial structures include not only the industrial co mposition, but also the industrial o rganizat ion structure and the industrial spatial structure. Indirect factors include the economic develop ment, natural conditions, and so froth. Natural condition s include the macroscopic environment such as the geographical position, the land area, climate, resource endowment of a country, and environmental capacity affecting the location of industries and enterprises fro m the microcosmic aspect.
The factors which affect energy consumption per un it of GDP are not functioning alone, but interacting with each other, which constitutes the mechanism of energy saving and emission reduction in industries. Indirect factors take effect through direct factors, therefore, we conclude that efficiency factors and structural factors and their interactions determine the energy consumption per unit of GDP. There are three aspects among the relationships between efficiency factors and structural factors.
(1) Relat ionship between technological progress and change of industrial co mposition. Technological progress promotes and also benefits from the upgrade of the industrial composition.
(2) Relationship between economies of scale and change of industrial organizat ion structure. Economies of scale, deriv ing fro m the expansion of production scale of enterprises, become the motivation and condition for enterprises to expand their production scale and achieve competitive advantages.
(3) Relationship among agglo meration economies, enviro n mental capacity and change of industrial spatial structure. Industries should be located in the areas where environmental capacity and agglomeration economies are appropriate for the development of the industries.
Energy saving and emission reduction, economies of scale and adjustment of Industrial organization structure

Sources of economies of scale
Economies of scale refer to benefits coming fro m the decrease of average cost of product with the expanding of production scale of enterprises under certain condition (with the best combination of production factors) [6] . Scholars investigated sources of economies of scale fro m the perspective of indivisibility of fixed assets, transaction cost, division of labor, storage cost, and so on. In this paper, we use system theory to study sources of economies of scale: when an enterprise is regarded as a system, economies of scale derive fro m the scale and structure of the agglo meration of production factors. The scale of agglomeration of production factors is the prerequisite for enterprises to obtain economies of scale: enterprises cannot take full use of the productive capacity of fixed assets, save transaction costs and storage costs and obtain economies of scope until their production reach certain scale s. The essence of a system is the structure, the expansion of the scale leads to crucial changes of relat ionships among production factors in enterprises, especially relat ionships among labors, which means the development and deepening of the division of labor and specialization, and technological p rogress and development of production mode.
Economies of scale and change of industrial organization structure
The production scale of an enterprise in an industry should be expanded to obtain economies of scale, so, for the industry, the amount of enterprises should be reduced. For so me industries, especially heavy industry, it is conducive to rational resource allocation and maximizat ion of consumer welfare that few large-scale enterprises occupy the majority of industrial production. Nevertheless, the obtainment of economies of scale would not be unlimited, and excess monopoly within an industry would lead to low efficiency of resource allocation. On the other hand, under the fierce market co mpetition, the obt ainment of economies of scale is of significant importance for the survival and development of enterprises, and economies of scale thus become the intrinsic motivation for enterprises to expand production s cale. It is clear that economies of scale and the change of industrial organization structure interact with each other.
The expansion of production scale is the premise of division of labor in an enterprise, on the other hand, the development of division of labor can promote the expansion of production s cale of the enterprise. Fro m a h istorical and logical standpoint, the social division of labor was the premise of division of labor in enterprises, and the development of division of labor in enterprises would promote the development of social div ision of labor. It is not necessary to place every step of the whole p roduction process into an enterprise. The appropriate scale and reasonable boundary of an enterprise should be defined after characteristics such as asset specificity and management ability of th e enterprise being considered.
Adjustment of Industrial organizational structure based on the targets of energy saving and emission reduction
Through production scales of enterprises being expanded and concentration of industries being increased, enterprises and industries would obtain economies of scale, which means that their production costs would be decreased, at the same time the efficiency of inputs including energy of enterprises would be improved: the imp rovement of labor productivity, full use of equip ments, improvement of management efficiency etc. would pro mote energy saving and energy wastage reduction. In addit ion, scales is the premise for enterprises to use more advanced technology, because knowledge intensive equipments are always large-scale, especially for heavy industry; and according to Schumpeter's study, large-scale enterprises have advantages in R&D and technological progress; therefore, to some extent, at least for heavy industry, economies of scale are the premise of energy savin g from technological progress.
Empirical Study of the relationship between enterprise's scale and energy efficiency-a case study of steel industry
Steel industry is the largest industry in energy consumption in China. According to "Guidelines on energy saving and emission reduction in steel industry of Ministry of Industry and Information Technology" issued in 2010, China's output of crude steel exceeded 560 million tons in 2009, the energy consumption of steel industry accounted for about 16.1% of the total energy consumption of the country, and 23% of total energy consumption of industries in China. There appears a very co mplex situation in industrial organization structure in Ch ina's steel industry: on the one hand, the concentration of China's steel industry is relatively lo w, and the average scale of production is small, according to "Steel industry restructuring and revitalization plan" issued by the State Council in 2009, the average production scale of China's crude steel enterprises is less than 100 million tons; on the other hand, production scales of a small nu mber of steel enterprises are huge. In the ranking of global co mpanies concerning crude steel production, published by the well-known Brit ish industry media "Metal Bulletin" in 2009, there are 5 and 3 Chinese companies in the top 10 and top 5 respectively.
An overwhelming majority of steel enterprises are small or mediu m enterprises, they use outmoded equipments characterized by small capacity, low efficiency and heavy pollution, whose energy consumption per unit is usually 10 15 higher than large equip ments [7] , which makes the comprehensive consumption of energy per tonnage of steel in China's steel industry very high; on the other hand, the comprehensive consumption of energy per tonnage of steel in few large enterprises has exceeded the international advanced level o f 610 kg of standard coal per ton [8] (Tab le 1 shows outputs of crude steel and the comprehensive consumption of energy per tonnage of steel of the five largest steel enterprises, key enterprises and enterprises of the whole country ). Note: A mong the data of comprehensive consumption of energy per tonnage of steel, we use the data of Baoshan Steel Ltd. standing for the data of Baoshan Steel Group, use the data of Jinan Steel Ltd. standing for the data of Shandong Steel Group; the data of Shagang Group is the data fro m January to 
Measures of adjustment of industrial organization structure to promote energy saving and emission reduction
In relationships among energy saving and emission reduction, economies of scale and industrial organization structure, energy saving and emission reduction and economies of scale are results of adjustment of industrial organization structure. Moreover, in China the concentration of industries, especially heavy industry (such as the above-mentioned steel industry) is quite low. Therefore, we conclude that the adjustment of industrial organization structure will play an important role to pro mote energy saving and emission reduction.
Ways of adjustment of industrial organization structure
Economies of scale derive fro m the scale and structure of agglomeration of production factors in enterprises, so, the adjustment of industrial organizat ion structure should be focused on expanding the scale and optimizing the structure of division of labor of enterprises. In order to expand the production scales, we need to provide equipments which are more advanced and larger in production capacity for enterprises, and make full use of them. It is more important to optimize the structure of combination of production factors in enterprises: firstly, rationalize the production structure within enterprises and improve the efficiency of p roduction; secondly, determine wh ich steps of the whole production process should be placed into enterprises to define the appropriate scales and reasonable boundaries of enterprises; thirdly, d istribute different parts of enterprises in different regions rationally based on regional advantages and characteristics of industries. To achieve the above objectives, apart fro m encouraging annexation and reorganizat ion among enterprises, we could learn fro m Japan's experience to encourage esta blishing the subcontracting series system with large enterprises in the center, through which the operating costs would be saved and flexibility improved for large enterprises, and small businesses would get mo re support of capital, technology and marketing from large ones.
Measures of adjustment of industrial organization structure
The government always adopted administrative measures to adjust industrial organizat ion structure in the past, but the effect was not satisfactory. In view of relationships among energy efficiency, economies of scale and industrial organization structure, we should primarily adopt economic measures to promote the adjustment of industrial organization structure.
5.2.1 Impose higher fees for discharge of pollutant or carbon tax in order to increase the threshold for the access to heavy industry. Imposing fees for discharge of pollutant or carbon tax on enterprises meet the principle that those who cause the pollution should deal with it. Small enterprises in heavy industry cannot undertake the high cost of pollution because they can not obtain economies of scale. So the result is that small enterprises in heavy industry may be annexed by large ones, or become cooperative enterprises of the large ones, or die out in the market competition.
5.2.2 Adopt some preferential measures such as taxation reduction or lo w-interest loans to encourage the annexation and cooperation of enterprises. An enterprise can obtain economies of scale after the annexation or cooperation has been finished. Therefore, in order to make the annexation or cooperation be carried out, the government should make sure enterprises can undertake costs of annexation or cooperation.
Conclusion
Former studies have confirmed the impact of structural factors and effic iency factors on energy consumption, but the studies also had flaws: structural factors were limited to industrial co mposition, and efficiency factors were limited to technical progress, so it is difficult for them to grasp the significant impact of efficiency factors and structural factors on energy saving and emission reduction completely. Whether enterprises could obtain economies of scale and industrial organization structure could be reasonable are of significant impo rtance for energy saving. Economies of scale are the motivation and base of the adjustment of industrial organization structure, and the adjustment of industrial organization structure is the prerequisite for enterprises to obtain economies of scale. Because economies of scale derive fro m the scale and structure of agglo meration of production factors, ways of ad justing industrial organization structure to promote energy saving and emission reduction should be to expand the production scales, optimize d ivision of labor in enterprises. The gov ernment could take economic measures to promote adjusting industrial organizat ion structure, such as impose higher fees for discharge of pollutant or carbon tax in order to increase the threshold for the access to heavy industry, adopt some preferential measures such as taxation reduction and low-interest loans to encourage the annexation and cooperation of enterprises.
